ABSTRACT: Developmental programming is the concept that a maternal stimulus or insult at a critical period in fetal development has long-term effects on the offspring. Historically, considerable effort has been made to understand how nutrition influences health and productivity during the postnatal period. Whereas maternal nutrition during pregnancy plays an essential role in proper fetal and placental development, less is known about how maternal nutrition affects the health and productivity of the offspring. Conceptus growth is sensitive to direct and indirect effects of maternal dietary intake. Even from the earliest stages of embryonic life, when nutrient requirements for conceptus growth are negligible, alterations in tissue composition can occur, influencing future growth of the compromised organ system. Not only is neonatal health compromised, but subsequent health may also be programmed because offspring from undernourished dams have exhibited poor growth and productivity and have developed significant diseases later in life. Although the literature is now evolving, with increasing evidence of how maternal nutrient restriction impairs several prenatal physiological variables, few studies have evaluated postnatal growth and development in livestock species, and fewer have evaluated it in beef cattle. In addition, very few studies have evaluated restriction of specific components of the diet during pregnancy (such as protein) on offspring growth and performance. This review focuses on how maternal nutrition affects conceptus growth and postnatal responses in beef cattle.
INTRODUCTION
Maternal nutritional status is one of the extrinsic factors programming nutrient partitioning and ultimately growth, development, and function of the major fetal organ systems (Wallace, 1948; Wallace et al., 1999; Godfrey and Barker, 2000) . Indeed, the prenatal growth trajectory is sensitive to the direct and indirect effects of maternal dietary intake from the earliest stages of embryonic life, when the nutrient requirements for conceptus growth are negligible (Robinson et al., 1995) . This is especially relevant because preterm delivery and fetal growth restriction are associated with greater risk of neonatal mortality and morbidity in livestock and humans. In all livestock species, including cattle, offspring born at an above-average BW have an increased chance of survival compared with those born at a below-average BW. Growth-restricted human infants not only are at risk of immediate postnatal complications, but also may be programmed to exhibit poor growth performance and to develop significant diseases later in life (Barker et al., 1993; Godfrey and Barker, 2000) , and there is increasing evidence that production characteristics in livestock may also be affected by maternal diet . Some of the complications reported in livestock include increased neonatal mortalities, intestinal and respiratory dysfunction, slow postnatal growth, increased fat deposition, differing muscle fiber diameters, and reduced meat quality .
The objective of this review is to highlight the nutritional paradigms that have been studied in the beef cow and how nutrition during pregnancy affects pre-and postnatal growth and development of the calf. Although this review primarily focuses on maternal nutrition in beef cattle, examples from other gestational stressors and other species are used for clarification.
EARLY PREGNANCY AND PLACENTAL DEVELOPMENT
Inadequate nutrition during early gestation may appear to be unimportant because of the limited nutrient requirements of the fetus for growth and development during the first one-half of gestation. This is accentuated by the fact 75% of the growth of the ruminant fetus occurs during the last 2 mo of gestation (Robinson et al., 1977) . During the early phase of fetal development, however, maximal placental growth, differentiation, and vascularization occur, as well as fetal organogenesis, all of which are critical events for normal conceptus development.
The placenta plays a major role in the regulation of fetal growth. In ruminants, the fetal placenta attaches to discrete sites on the uterine wall called caruncles. These caruncles are aglandular sites that appear as knobs along the uterine luminal surface of nonpregnant animals, and are arranged in 2 dorsal and 2 ventral rows throughout the length of the uterine horns. The placental membranes attach at these sites via chorionic villi in areas termed cotyledons. The caruncular-cotyledonary unit is called a placentome and is the primary functional area of physiological exchanges between mother and fetus. Placental nutrient transport efficiency is directly related to uteroplacental blood flow (Reynolds and Redmer, 1995) . All the respiratory gases, nutrients, and wastes that are exchanged between the maternal and fetal systems are transported via the uteroplacenta Redmer, 1995, 2001) . Thus, it is not surprising that fetal growth restriction in several experimental paradigms is closely correlated with reduced uteroplacental growth and development Redmer, 1995, 2001) . Establishment of functional fetal and uteroplacental circulation is one of the earliest events during embryonic and placental development (Patten, 1964; Ramsey, 1982) . It has been shown that the large increase in transplacental exchange, which supports the exponential increase in fetal growth during the last one-half of gestation, depends primarily on the dramatic growth of the uteroplacental vascular beds during the first one-half of pregnancy (Meschia, 1983; Reynolds and Redmer, 1995) . Therefore, an understanding of factors that affect uteroplacental blood flow will directly affect placental efficiency and thus fetal growth. However, despite intensive research in the area of placental-fetal interactions, the regulators of placental growth and vascularization, as well as those of uteroplacental blood flow, are still largely unknown, particularly in cattle.
Surprisingly, few data are available outlining the vascular development of the bovine placenta. Recently, Vonnahme et al. (2007) have demonstrated that global nutrient restriction during early gestation (i.e., d 30 to 125), followed by realimentation during d 125 to 250 affects placental angiogenesis (i.e., capillary vascularity), as well as angiogenic factor mRNA abundance in the beef cow. It was demonstrated that mRNA abundance of genes that are known to increase vascular permeability [i.e., placental growth factor and vascular endothelial growth factor (VEGF) receptor 1; Peters et al., 1993; Odorisio et al., 2002] were increased in both the caruncular and cotyledonary tissues at the end of the nutrient restriction period. However, capillary vascularity measurements were not altered in either the cotyledon or the caruncular tissues at the end of the nutrient restriction on d 125. Interestingly, after realimentation from d 125 to 250 of gestation, there were dramatic differences in capillary vascularity measurements. In the cotyledon, or fetal portion of the placentome, 3 of the 4 measurements for capillary vascularity [i.e., capillary area density (CAD), a flow-related measure; capillary number density (CND), an angiogenesis-related measure; and capillary surface density (CSD), an nutrientexchange measure] were decreased in placentomes from cows previously nutrient restricted (NR) compared with control cows, demonstrating that the capillary area, numbers, and surface densities had been hindered upon realimentation. However, in the caruncular tissue, or maternal placentome, the CSD in realimented NR cows were increased compared with cows that had adequate nutrition throughout gestation . The process of realimentation caused an interesting differential change in vascular structure of the cotyledonary and caruncular tissue in the placentome.
Reports of changes in placental vascularity in response to realimentation of NR ewes and cows are very limited. McMullen et al. (2005) demonstrated that a short duration (i.e., 7 d) of fasting during mid-pregnancy in the ewe resulted in a decrease in mRNA abundance of the angiogenic factor, VEGF, and placental weights on d 90. Although differences in VEGF mRNA were not evaluated at term, placental weights were similar at lambing in NR and control ewes. In cows, there was a decrease in total placentome weight on d 125 in NR vs. control cows that remained suppressed even after realimentation on d 250 Zhu et al., 2007) . Looking more closely at placentome weight in the cow, both the cotyledonary and caruncular portions were decreased in NR vs. control cows at the end of the nutrient restriction on d 125; however, only the weight of the cotyledonary tissue remained suppressed at d 250. In contrast, in several studies in which ewes experienced nutrient restriction from early to mid-pregnancy and were then realimented, significant compensatory growth of the entire placentome was found to occur (Foote et al., 1958; Robinson et al., 1995; Heasman et al., 1998; McMullen et al., 2005) .
The differences in the effects of nutrient restriction and realimentation in the cow and the sheep models described above may result from inherent species differences in placental development between sheep and cattle, or may result from the type of diet these cows received upon realimentation. In ewes, the growth of the cotyledonary mass is exponential during the first 10 to 11 wk of pregnancy, thereafter slowing markedly until term (Stegeman, 1974) . In the cow, the cotyledonary growth progressively increases throughout gestation (Reynolds et al., 1990; Vonnahme et al., 2007) . Using the same vascularity determination techniques as used in tissue from cows, showed in sheep that caruncular tissue, CAD, CND, CSD, and capillary size increased by 214, 37, 140, and 45% from d 50 to 140 in normal pregnancy (gestation length of sheep, approximately 147 d; Reynolds et al., 2005; Borowicz et al., 2007;  Figure 1 ). In ovine cotyledons, CAD, CND, CSD increased by 437, 1,093, and 576%, and capillary size decreased by 24.8% from d 50 to 140 in normal pregnancy. In cows, caruncular CAD decreased by 30% and capillary size decreased by 68%, whereas CND and CSD increased by 151 and 32% from d 125 to 250 of gestation in animals fed adequately ; Figure 1 ). Furthermore, cotyledonary CAD, CND, CSD, and capillary size increased by 186, 80, 172, and 71% from d 125 to 250 of gestation, respectively. Thus, the pattern of placental angiogenesis, particularly in the maternal tissue, appears to differ between cows and sheep; therefore, caution must be used when comparing the responses to altered nutrition during pregnancy between these 2 species.
Although maternal nutrient delivery during pregnancy has been shown to program the growth and development of the fetus, both during pregnancy and later into adult life, it appears that maternal nutrition also programs the development of the placenta. Development of the placental vascular bed is imperative to support the growth and development of the fetus. Although nutrient restriction from d 30 to 125 in cows did not alter the vascular architecture of the bovine placenta, placental function must have been altered as fetal weight was reduced. It appears that realimentation after approximately 90 d of nutrient restriction is the stimulus for altering not only placental vascularity and development, but also placental function in the cow (Vonnahme et al., 2004a,b) . Therefore, future studies relating changes in vasculature architecture to placental function and uteroplacental blood flow in cattle is warranted.
Adequate uteroplacental blood flow is critical for normal fetal growth. Therefore, experimental conditions designed to investigate fetal growth retardation and placental insufficiency, be it through overnutrition, nutrient restriction, hyperthermia, or high altitude, commonly share reduced uterine and umbilical blood flows (Reynolds et al., 2006) . Interestingly, many of these studies have investigated angiogenic factors and vasoactive compounds, including nitric oxide (NO). Nitric oxide is an endothelium-derived vasorelaxing factor that plays a key role in regulating uteroplacental blood flow (Bird et al., 2003) . Protein supplementation in the ewe may influence blood flow by specific AA. Arginine, in particular, is a common substrate for NO and polyamine synthases via NO synthase. Results suggest that the abundance of arginine and associated arginine-related AA in fetal fluids of sheep are associated with greater NO synthase expression (Kwon et al., 2003 (Kwon et al., , 2004 Wu and Self, 2005) . In pigs, dietary protein deficiency reduced availability of arginine in maternal plasma, fetal plasma, and fetal fluids (Wu and Morris, 1998; . Similarly, reduced arginine in ovine fetal fluids during mid-pregnancy from globally restricted ewes has been reported (Kwon et al., 2004) . Arginine supplementation, through enhanced NO synthesis, has been shown to reduce fat mass in diabetic rats (Fu et al., 2005) . Numerous pathways, including reduced lipid synthesis, increased lipolysis, increased substrate utilization, and increased oxidative phosphorylation (Jobgen et al., 2006) , potentially affect this change. Research provides evidence that maternal undernutrition can increase adiposity of the offspring (Bispham et al., 2003) , indicating a fetal programming effect that may be related to the arginine-NO axis . Assuming NO can facilitate increased lipid synthesis, preadipocyte recruitment may be enhanced, increasing the propensity for obesity or abnormal adiposity .
Fetal Organogenesis
Fetal organogenesis occurs simultaneously with placental development. In the beef fetus, a heartbeat is apparent as early as 21 to 22 d postovulation. Limb development occurs as early as d 25 of pregnancy, followed by a sequential development of other organs, including the pancreas, liver, adrenals, lungs, thyroid, spleen, brain, thymus, and kidneys (Hubbert et al., 1972) . By d 45, testicles of male calves are being developed, followed shortly thereafter by ovarian development occurring by d 50 to 60 of gestation. As the growth trajectories for these tissues vary, each tissue is susceptible to suboptimal conditions (e.g., maternal undernutrition) at different periods.
Fetal Muscle Development
Skeletal muscle has a lower priority in nutrient partitioning compared with the brain and heart in response to challenges to the fetus during development, rendering it particularly vulnerable to nutrient deficiency (Bauman et al., 1982; Close and Pettigrew, 1990) . The fetal period is crucial for skeletal muscle development, because no net increase in the number of muscle fibers occurs after birth (Glore and Layman, 1983; Greenwood et al., 2000; Nissen et al., 2003) . Results indicate that protein supplementation of the dam may increase calf birth weight and potentially alter fetal muscle growth (Larson et al., 2009) . Greenwood et al. (2004) demonstrated that steers from cows nutritionally restricted during gestation had reduced BW and carcass weights at 30 mo of age compared with steers from cows fed adequately. Interestingly, retail yield on a carcass weight basis was greater in steers from NR cows, indicating there was not an increased propensity for carcass fatness as a consequence of nutritional restriction in utero, similar to the results of Larson et al. (2009) .
Studies with various mammals have shown that maternal undernutrition during gestation can significantly reduce the number of both muscle fibers and nuclei in the offspring (Bedi et al., 1982; Wilson et al., 1988; Ward and Stickland, 1991) . For example, fewer fast glycolytic fibers were present in semitendinosus muscle of progeny from sows fed a high-energy diet than progeny from sows fed a low-energy diet during the first 50 d of gestation (Bee, 2004) . In addition, progeny of sows fed a high-energy diet grew slower, had smaller feed-to-gain ratios, and had a greater percentage of adipose tissue than offspring from sows fed a low-energy diet during the first 50 d of gestation (Bee, 2004) . A contrasting study (Bayol et al., 2004) in mice found restricted diets did not affect muscle fiber number or mRNA for myostatin or a myogenic regulatory transcription factor. Therefore, muscle fiber type development may be affected by nutritional state, depending on the energy needs of the muscle and species. Nutrient restriction from early to mid-gestation results in a reduction of fetal skeletal muscle fibers, which may be related to a downregulation of mammalian target of rapamycin signaling (Zhu et al., 2006) . The mammalian target of rapamycin pathway is believed to mediate nutrient signals such as AA sufficiency (Fumagalli and Thomas, 2000; Gringras et al., 2001 ) and provides a link between nutritional levels and skeletal muscle development (Erbay et al., 2003) .
Reproductive Development
Maternal diet can affect fetal reproductive tissues. Grazul-Bilska et al. (2009) fed ewes 60 or 100% of NRC recommendations from d 50 to 135 of gestation. Fetal ovaries were collected on d 135 of gestation and analyzed for cellular proliferation by using proliferating cell nuclear antigen. Interestingly, fetal ovaries from ewes experiencing a 60% nutrient restriction had a decreased cellular proliferation rate in primordial follicles compared with ovaries from fetuses of adequately fed ewes (Grazul-Bilska et al., 2009 ). This decreased proliferation in the primordial follicle may affect future follicular activity, fertility, and reproductive longevity of the female offspring. Unfortunately, their results did not indicate the reproductive success of these offspring. It was proposed previously that maternal protein supplementation may affect oocyte quality or early embryonic formation, resulting in fewer calves born during the first 21 d of the calving season (Martin et al., 2007) . It was also noted that dams supplemented with protein during the last one-third of pregnancy gave birth to heifer calves that subsequently had increased pregnancy rate compared with heifers from nonsupplemented dams (Martin et al., 2007) . Fewer heifers from nonsupplemented dams attained puberty before the first breeding season compared with heifers from supplemented cows in a subsequent study (Funston et al., 2008) . Additionally, in rats whose dams were protein restricted during pregnancy, female pups had a delay to vaginal opening (i.e., puberty) and time to first estrus compared with control dams (Guzman et al., 2006) .
Cardiopulmonary Development
Feeding pregnant rats a low-protein diet results in lifelong increases in blood pressure in the offspring (Langley and Jackson, 1994) . Early chronic undernutrition results in a significant increase in fetal blood pressure (Murotsuki et al., 1997) . Increases in fetal blood pressure are known to result in alterations in lung vascular remodeling in association with myocardial hypertrophy in the rat (Fabris and Pato, 2001 ). Fabris and Pato (2001) speculated that lung growth in late gestation is adversely affected by pulmonary hypertension. The pulmonary circulation develops concomitantly with distal lung air space growth during late gestation and early postnatal life (deMello and Reid, 1991) . Wohrley et al. (1995) demonstrated that hypoxic conditions selectively induce the proliferation of smooth muscle cells associated with the pulmonary arteries in neonatal calves with pulmonary hypertension. The precise relationship between alveolar and vascular development during fetal and early postnatal life and the mechanisms coordinating lung vascular growth and alveolarization are uncertain. However, VEGF, produced from airway epithelial cells, plays a major role in vascular growth and development during fetal life (Zeng et al., 1998) . These findings indicate that mechanisms may exist to link lung vascular development with alveolar growth, further indicating that disruption of normal vascularization may contribute to altered alveolarization and thus altered lung function. Bovine respiratory diseases make up the majority of illness and death loss in the feedlot segment. Historically, 15 to 45% of feedlot cattle have been affected with bovine respiratory disease (BRD), with 1 to 5% mortality of total cattle placed on feed as a result of BRD (Kelly and Janzen, 1986) . Respiratory disease alone accounts for 44.1% of deaths in beef feedlot cattle (Vogel and Parrott, 1994) . It is possible that gestational nutrient restriction could increase the susceptibility of cattle to respiratory disease during later life.
Metabolic Function
Rats whose mothers were fed a diet with a low ratio of protein to energy during pregnancy demonstrated permanently altered glucose production and utilization and associated insulin secretion (Desai et al., 1995) . More specifically, Fowden and Hill (2001) demonstrated that changes in the intrauterine nutritional environment caused alterations in the structure and function of the pancreatic islets in rodents. Altered pancreatic islets have lifelong effects and predispose the animal to glucose intolerance and diabetes. Intrauterine programming of the endocrine pancreas in ruminant species is less established at present; however, it has recently been demonstrated that ewe lambs from restricted dams have altered glucose metabolism (Effertz et al., 2007) . Furthermore, male lambs from early-gestation NR ewes display hyperglycemia and altered insulin secretion patterns . Additionally, lambs from ewes restricted in late gestation appear to be insulin resistant and have a reduction in GLUT4 expression in adipose tissue with increased adipose mass (Gardner et al., 2005) . The relative insulin resistance of the adult ruminant compared with other species makes it difficult to establish whether fetal changes in islet development have long-term consequences. Alterations in pancreatic function are difficult to assess in grazing cattle because Fetal programming in cattle most of the energetic needs are supplied from nonglucose sources; therefore, insulin plays a relatively small role in grazing ruminant energetics. However, Murphy et al. (2000) reported that small changes in nutrient metabolism (determined via response to a glucose challenge) were sufficient to influence milk production in the dairy cow, which derives more energetic needs from glucose. Further research in concentrate-fed animals is needed to determine pancreatic function.
Intrauterine Growth and Birth Weight
Most early work investigating the effects of maternal nutrition in cattle studied the later part of gestation. Because most fetal growth occurs in the later part of gestation, researchers hypothesized that the effects of variation in nutrient intake would have greater effects than in early pregnancy. Many studies report the effects of protein and energy deficiency on calf birth weight . When cows were provided a protein supplement during the last one-third of pregnancy, birth weights did not differ from those of nonsupplemented dams (Martin et al., 2007) . However, recent work indicates that protein supplementation during late gestation, as well as increased global nutrient supply throughout gestation, may increase calf birth weight (Larson et al., 2009 ). Nutrient restriction during early pregnancy may have different effects on birth weight. Ewes restricted during early pregnancy (i.e., d 0 to 39) gave birth to heavier lambs than nonrestricted counterparts (Munoz et al., 2008) . These ewes were realimented during late gestation, which most likely allowed these lambs to compensate for early restriction in terms of fetal growth. It is interesting that maternal nutrition, even during a period of minimal fetal growth, can program the fetus, possibly by alterations in placental function.
POSTNATAL DEVELOPMENT IN RESPONSE TO FETAL PROGRAMMING: NEONATE HEALTH AND SURVIVAL
Effects of maternal nutrition during pregnancy on the offspring may have confounded effects on neonatal development because maternal diet also affects the mammary gland and colostrum yield. In a recent study, lambs were immediately separated from their dams and fed artificial colostrum, and concentrations of IgG were measured 24 h later. Offspring from undernourished dams had increased IgG transfer, whereas lambs from overnourished ewes had decreased IgG transfer compared with control-fed dams . This indicates that the fetal gastrointestinal system in NR animals may be programmed to be more efficient in extracting nutrients, specifically large molecules such as immunoglobulins immediately postnatal. Colostrum quantity, IgG amounts, total fat, and protein were decreased in both the undernourished and the overnourished ewes (Swanson et al., 2008) . Further, mammary gland weight was reduced in undernourished ewes and in overnourished ewes when expressed as a percentage of BW. This indicates that lamb health is affected directly by maternal diet during pregnancy and through alterations in the mammary system. Corah et al. (1975) reported that pregnant cows fed 70% of their calculated energy requirements during the last 90 d of gestation produced calves with increased morbidity and mortality rates. Research conducted at Colorado State University (see review by Odde, 1988) investigated the relationship between precalving nutrition and disease susceptibility in the neonatal calf. First-calf heifers produce calves that have decreased concentrations of serum immunoglobulins at 24 h of age compared with calves born to cows that are 3 yr old and older. This occurs even though colostral immunoglobulin concentrations are similar for these 2 age groups. The increased disease susceptibility observed in calves born to first-calf heifers is likely due to reduced volumes of colostrum produced by first-calf heifers, although decreased calf vigor because of increased dystocia may also contribute. Calves born to thin (BCS 3 and 4) 2-yr-old heifers are less vigorous and have reduced serum immunoglobulin concentrations at 24 h of age. Morbidity in neonatal calves not only increases the risk of mortality, but it also results in reduced performance. Wittum et al. (1994) reported that general morbidity during the neonatal period resulted in a 15.6-kg reduction in weaning weight. Respiratory conditions and diarrhea during the neonatal period resulted in 16.5-and 10.7-kg reductions in weaning weight, respectively. Heat production of the neonate is an important factor in survivability, particularly for calves born in cold environments. First-calf heifers restricted in either protein (Carstens et al., 1987) or energy (Ridder et al., 1991) during the last third of pregnancy gave birth to calves with reduced ability to produce heat shortly after birth. This likely results in calves that are more susceptible to cold stress. Lambs from early-gestation NR ewes, in addition to being heavier at birth, had greater IgG concentrations in serum and greater survival to weaning (Munoz et al., 2008) . Previous results indicate a fetal programming effect on lamb and calf health in response to protein, vitamin, and mineral supplementation of the dam during mid-and late gestation (Boland et al., 2006) . These effects may be the result of enhanced IgG supply or an alteration of fetal absorption of IgG and nutrients. However, this area requires further study.
EFFECT OF SPECIFIC NUTRIENTS ON FETAL DEVELOPMENT AND POSTNATAL PERFORMANCE

Energy or Concentrate Supplementation
A large proportion of nonstructural carbohydrates in the ruminant diet are fermented to propionate in the rumen. Propionate is largely converted to glucose, via gluconeogenesis, in the liver. Glucose is an essential substrate for fetal development and growth. Thus, supplementation with nonstructural carbohydrates may have beneficial effects on fetal development under NR conditions. Providing first-calf heifers and mature cows with a high-energy diet 100 d prepartum increased BW before parturition and calf birth weight (Corah et al., 1975) . In that study, approximately 19% more calves from mature cows offered a low-energy diet were treated for scours, and subsequent weaning weight was greater for calves from cows consuming the high-energy diet. Restricting beef cows to 57% of the NRC requirement for energy and protein for the last 90 d of gestation reduced maternal BW and BCS before calving (Hough et al., 1990) . Interestingly, colostrum IgG concentration and calf serum IgG concentration were unaffected by dam nutrition; however, when colostrum from restricted dams was consumed by calves from nonrestricted dams, those calves had less serum IgG. There is potentially a difference in small intestinal nutrient transfer efficiency between calves from restricted vs. nonrestricted dams, similar to lambs from NR ewes.
Pregnant ewes were restricted or offered adequate nutrition between 28 and 80 d of gestation (Bispham et al., 2003) . Plasma leptin did not exhibit the characteristic increase during pregnancy when ewes were restricted. This is particularly intriguing because leptin is considered a "thrifty" gene product, and polymorphisms in the gene or the receptor could change how and when fat is deposited. Adipose tissue weight was greater at parturition for lambs from restricted dams. Perhaps more interesting, leptin mRNA and adipose tissue mass were actually reduced in lambs from dams offered adequate nutrition throughout gestation.
Protein Supplementation
Limited data are available on the effect of protein supplementation during late gestation in beef cattle.
Most data were collected using winter grazing systems (Stalker et al., 2006 (Stalker et al., , 2007 Martin et al., 2007; Funston et al., 2008; Larson et al., 2009) . Protein supplementation to beef cows may take many forms; however, providing added ruminally undegradable protein has the greatest chance of correcting a nutrient deficiency because forage usually provides adequate ruminally degradable protein.
Regarding female progeny (Table 1) , protein supplementation of the dam increased weaning weight of the calves without a change in birth weight, and this change persisted through pregnancy diagnosis and before calving. More interestingly, age at puberty was not greatly affected, but protein supplementation of the dam increased the pregnancy rate of the heifer calves (Martin et al., 2007) . However, in a subsequent study, more heifers from protein-supplemented dams were pubertal before breeding, possibly affecting pregnancy rate (Funston et al., 2008) . Heifers from protein-supplemented dams may have greater DMI and are less efficient in terms of residual feed intake compared with heifers from nonsupplemented dams. This provides evidence for an efficiency adjustment in response to fetal environment, whereby heifer fetuses exposed to restricted nutrients (i.e., nonsupplemented dams) during gestation actually become more efficient in later life.
Steer progeny from the protein-supplemented cows are also heavier at weaning and have heavier carcass weights (Table 2 ). Similar to heifer mates, steers from protein-supplemented dams may also consume more feed. However, feed efficiency does not appear to be negatively influenced because there is a concomitant increase in daily BW gain. Protein supplementation of the dam also increases the intramuscular fat content of the steer, leading to a more valuable carcass. Results also indicate that steers from protein-supplemented dams have a greater overall percentage of body fat (Larson et al., 2009 ). Means within a study with different superscripts differ (P ≤ 0.05).
x,y
Means within a study with different superscripts differ (P ≤ 0.10). Because fetal growth progresses rapidly during the last third of gestation, added nutrition during this period may alter the site of nutrient deposition. Early work by Smith and Crouse (1984) indicated that glucose is the primary substrate utilized by intramuscular adipocytes. Because glucose is a primary substrate of intramuscular adipocytes and protein supplementation during late gestation increased the percentage of steer grading choice, the supply of glucogenic AA from protein supplementation is a potential mediator of this change.
Although it does not necessarily represent supplemental protein, grazing cows on improved pasture increases availability of protein as well as energy. At approximately 140 d of gestation, cows were assigned to graze either native or improved pasture (Underwood et al., 2008) . Steers from the cows grazing improved pasture gained more BW during the finishing period and were heavier at slaughter, with greater HCW (Underwood et al., 2008) . The steers from cows grazing improved pasture were also fatter at slaughter. The increase in fat depth resulted from more adipocytes per unit of area of subcutaneous fat. If one assumes that enhanced early nutrition can drive the designation of stem cells to a preadipocyte fate, then increased fat with enhanced fetal nutrient supply seems plausible. Smith and Crouse (1984) also found that acetate is the primary substrate utilized by subcutaneous adipocytes. Thus, because the diet in the previously described study included no concentrate, then the major product of fermentation will be acetate. Therefore, the increased acetate product may have increased recruitment of stem cells to the preadipocyte fate, leading to increased total body fatness later in life.
Guinea pigs provided a diet at 60% of ad libitum intake during gestation gave birth to pups with a decrease in total muscle fiber development, mostly because of a decrease in secondary muscle fibers. Protein supplementation negated this change in muscle development and the number of secondary muscle fibers was similar to controls (Dwyer and Stickland, 1994) , thereby providing evidence that protein supplementation of the dam may enhance BW gain by increasing the muscle fiber number, which is determined before birth.
Recent results indicate that late-gestation maternal protein supplementation may affect carcass quality by affecting calf health. Protein supplementation did not affect calf health from birth until weaning; however, more calves from non-protein-supplemented cows received treatment for BRD between weaning and slaughter (Larson et al., 2009 ). This may have resulted from various causes. Neonatal colostrum and IgG supply may influence feedlot health. Calves receiving inadequate passive immunity from colostrum have a decreased plasma protein concentration and are more prone to becoming sick during the feedlot phase (Wittum and Perino, 1995) . Stalker et al. (2006) reported that protein supplementation did not influence IgG titers 24 and 48 h after birth; however, they did not report an effect on calf health. Results also indicate that calves from dams receiving protein supplement had improved carcass quality. However, as previously indicated, lambs from undernourished dams had increased serum IgG concentration, implying that IgG transfer was improved. Studies have demonstrated that calves receiving treatment for BRD have lower quality grades than steers not receiving treatment (Gardner et al., 1999; Busby et al., 2004) . Thus, protein supplementation may influence carcass quality through calf health.
Summary and Conclusions
Livestock are often produced in systems in which resources may be limiting in quantity or quality during Means within a study with different superscripts differ (P ≤ 0.05).
Means within a study with different superscripts differ (P ≤ 0.10). 
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periods of the production cycle. It is important to understand when such deficiencies may affect the performance of both the dam and developing fetus. There is a rapidly developing body of literature indicating that nutritional insufficiencies during fetal development may have implications for subsequent postnatal growth and development. Some of the factors affected include birth weight, health, growth, reproduction, carcass weight, and carcass quality. Timing of nutrient restriction during gestation appears to affect different physiological processes. Early-gestation restriction appears to affect placental development and alterations in vascularity, whereas later gestation restriction likely affects final development of organ systems or nutrient uptake by tissues important for growth and reproduction. The precise mechanisms by which nutrient restriction and specific nutrients influence postnatal growth and development are largely unknown and remain to be elucidated. Mitigating these negative effects involves nutritional management to provide supplemental nutrients when the basal diet is deficient and results in decreases in body condition. An alternative may be to manage body condition with specific management practices that allow the animal to achieve greater body condition before being exposed to a limited-nutrient environment. Possibilities may include early weaning or changing the time of breeding, and thus parturition.
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